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SUMMARY 


Data obtained from on-the-site observations have been compiled to describe 
the equipment and installation methods used for satisfactory suspension roof 
support in a large-diameter tunnel. 


Experimental roof bolting was undertaken from June 1950 until May 8, 1951, 
in the East Delaware tunnel, which is part of the Delaware aqueduct in Delaware 
and Sullivan Counties, N. Y. 


Revised suspension-roof-support plans and specifications were prepared 
during the spring of 1951 by the City of New York Board of Water Supply; these 
were approved by the State of New York Department of Labor April 13, 1951, and 
adopted by the City of New York Board of Water Supply on May 8, 1951. 


Neither a lost-time injury nor a fatality attributable to roof falls oc- 
curred in the East Delaware tunnel from May 8, 1951, to May 20, 1952. 


Approximately 124,350 roof bolts have been installed and have satisfac- 
torily supported about 65,187 linear feet of roof, thereby effecting safer 
working conditions, a tremendous saving in vitally needed steel, and increased 
efficiency. : ; 


INTRODUCTION 


In 1950 New York City had a population of 7.9 million, and tremendous quan- 
tities of water were vital for its domestic, municipal, and industrial uses. In 
1947 the average daily water demand for New York City was 1,160,000,000 gallons; 
its daily per capita demand was about 1X llons, each New Yorker consuming 
52 ,232 gallons of water during the Benge ao All of these figures probably will 
be exceeded in 1952. 


The City of New York Board of Water Supply must be able to assure every 
citizen a cmstant water supply ample for daily needs. To fulfill this respon- 
sibility, well-planned and adequately constructed tumnels and aqueducts have 
been provided to convey water from reservoirs in the Catskill Mountains to 
others on the east side of the Hudsm River and thence to the city. 


Per capita water demand in New York City has increased steadily since the 


beginning of the century, and the city population is expected to be approxi- 
mately 8,500,000 by 1960. Water-supply and conveying facilities must be 


2/ Data published by City of New York Board of Water Supply. 
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planned and constructed to meet expanding needs. The most recent extension of 
these facilities comprises construction of reservoirs and connecting tunnels; 
one of the latter, known as the East Delaware tunnel, is discussed in this 
report. (Fig. i) 


When complete, the East Delaware tumnel, approximately 25 miles long, 
will convey water impounded in the Pepacton Reservoir, on the East Branch of 
the Delaware River, near Downsville, Delaware County, N. Y., through the 
Catskill Mountains to Rondout Reservoir on Rondout Creek, near Grahamsville, 
Sullivan County, N. Y., and then through the Delaware aqueduct to the city. 
(Fig. 2.) Plans and specifications for these facilities have been prepared 
by the City of New York Board of Water Supply, the final authority for comple- 
tion standards. 


The Walsh Construction Company and B. Perini & Sons, Inc., New York, 
N. Y., is the contractor; all phases of underground construction are to be 
completed by this concern. 
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sonnel of the City of New York Board of Water Supply and the contractor are 
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TUNNEL DESCRIPTION 


Four contracts are operated in conjunction with the ultimate completion 
of the tunnel. They are contract 405, inlet tunnel; contract 406, shaft 1; 
contract 407, shaft 2; and contract 408, outlet tunnel. Shafts 1 and 2 have 
been sunk on the tunnel line to intercepting elevations. The inlet tunnel and 
the northwest heading from shaft 1 have been connected, and the southeast head- 
ing is being advanced on line and grade. Drifts in both directions from 
shaft 2 and the outlet tunnel will be advanced on line and grade until con- 
nectims are mide. All headings as driven were approximately 13-1/2 feet in 
diameter. The finished pressure-type tunnel will be concrete-lined and 11 
feet 4 inches in diameter in the clear. The portal of the outlet tunnel is 
approximately 840 feet and that of the inlet tunnel approximately 1,143 feet 
above sea level. When the northwest drift from shaft 1 reached a point ap- 
proximately 12,000 feet from the shaft, it was about 1,680 feet below the 
surface. The average cover above the completed tunnel will be approximately 
1,060 feet. 


In the well-coordinated operation cycle, drilling and roof bolting, 
blasting, scaling, mucking, and track laying follow each other with minimum 
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Figure 2. - Area map (partial copy from The New York State Conservationist, June-July 1950, 
under authority granted by the New York State Conservation Department). 
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delay. As a result, about six cycles were completed in each heading every 24 
hours, 5 days a week. In each cycle the advance was approximately 8 feet. 


Both tunnels and the drifts from both shafts are in Devonian shales and 
sandstones of the Catskill series. Considerable cross-bedding and numerous 
lenses have been encountered; where these cmditions occur, the usual nearly 
horizontal and wiform stratification has been disturbed. The normal dip of 
all formations is less than 5° to the southwest. The shales encountered fre- 
quently are finely bedded and easily fractured, and exposed surfaces become 
slightly altered upon contact with air and/or water. The sandstones are less 
friable and less subject to alteration with exposure. 


ROOF BOLTING 


History 


Early pena roof support (roof bolting) is described in a Bureau of 
Mines publication.3. 


The origin of roof bolting as a means of roof support is ob- 
scure. During the past 23 years a method was developed by the 
St. Joseph Lead Co. at its mines in southeastern Missouri, ranging 
from occasional use of single bolts with small bearing plates to 
systematic networks of bolts utilizing continuous bearing plates. 
Officials of this company are not certain which of its employees 
suggested their use. Many instances of occasional use of roof bolts 
have come to light during the past few years in widely separated 
mining districts, such as West Virginia, Illinois, Colorado, and 
Wyoming bituminous coal mines, and in Pemsylvania anthracite, Lake 
Superior iron, and Colorado lead-zinc mines. A few of the known in- 
stallations have been in place as long as 40 years. 


These installations usually were made to supplement wooden tim- 
bering in mine openings where space was constricted, although it has 
been reported that roof bolting was started as a systematic means of 
roof support in at least three instances but was abandoned because 
the cost of installation was excessive. The extra expense above 
that of conventional timbering could not be recaptured through econ- 
omies resulting from increased efficiency, such as would be gained 
through mechanized mining. 


In 1949 roof bolting attracted widespread interest as a means of suspend- 
ing roof in coal and metal mines. Roof bolting also has been tried in numerous 
water-diversion and vehicular tunnels with varying degrees of success. 

East Delaware Tunnel 
In the East Delaware tunnel, experimental roof bolts were installed near 


the portal of the outlet tumel during the summer of 1950. These cmsisted of 
one or more bolts with amall bearing plates and were installed in restricted, 


3/ Thomas, Edward, Roof Bolting in the United States: Bureau of Mines Inf. 
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isolated roof areas. They were considered unsatisfactory, and bolting was tem- 
porarily discmtinued. Some of the factors contributing to the decision to 
discontinue the experiments follow: 


1. Because of the experimental nature of the work, it was considered 
desirable to explore all sources of information as to the most satisfactory 
roof-bolt pattern for large tunnels with nearly circular cross section. 


2. Adequate equipment adapted to the particular purpose was lacking. 


3. Personnel was inexperienced in the proper manner of installing roof 
bolts. 


4, Neither the City of New York Board of Water Supply nor the State of 
New York, Department of Labor, Division of Industrial Safety Service, Bureau 
of Mines, Tunnels, Quarries, and Explosives was satisfied with the caliber of 
the installations. 


However, the,merit of suspension roof support was recognized, and plans 
and specifications were designed and approved for roof bolting in the East 
Delaware tunnel; in formulating these, pertinent publications and other infor- 
mation pertaining to roof bolting were considered.4 Safety, roof support of 
a type not easily dislodged by blasting or by moving equipment, improved ven- 
tilation, more clearance, better housekeeping, lower costs, and increased 
operating efficiency were some of the benefits anticipated with adoption of 
roof bolting as planned. 


The first roof-bolt installation, subsequent to the first approved plans 
and specifications, was made on September 15, 1950, in contract 408, outlet 
tunnel. From that date until February 21, 1951, when the writer first ob- 
served the work, 1,443 channels had been installed in the outlet tunnel; many 
of these were supported by two bolts. 


These installations were confined to four separate roof areas, 226, 44g, 
238, and 295 feet in length and located, respectively, 2,694, 4,060, 5,441, 
and 7,053 feet from the portal to the midpoint of the sections. There were 
242, 419, 227, and 235 9-foot steel railroad ties, each supported by two roof 
bolts, in the respective sections in positions parallel to the tumel direc- 
tion. About 150 4-foot channels, supported by 1 roof bolt, were installed 
within 1,500 feet of the portal, and about 170 9-foot steel railroad ties with 
2 bolts were installed at isolated locations between the sections. 


Bolts designed for wedge-t, anchorage were made in the contractor's 
shops. They were 1-1/2 and 1-1 inches in diameter and 6 feet long. Each 
bolt had approximately 6 inches of cut thread on one end and a slot 9 inches 
long in the opposite end. Wedges were 1-1/2 and 1-1/4 inches wide, 3/8 inch 
thick, and had a 6-inch tapered length. 


Other installations near the outlet tunnel portal consisted of 6- by 1/4- 
inch channels, 3 feet 11-1/2 inches long with a 1-9/16-inch-diameter hole 
burned in the center. These were secured to the roof by placing them over 


LY, Thomas, Edward, Barry, A. J., and Metcalfe, Arthur, Suspension Roof Support. 


Progress Report 1: Bureau of Mines Inf. Circ. 7533, 1949, 13 pp. 
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installed slit-rod-and-wedge-type bolts 1-1/2 inches in diameter and 6 feet 
long, using unfinished hex nuts; neither washers nor bearing plates were 
placed between the channels and the nuts. Wooden blocks and/or wedges were 
used to effect continuous contact between channels and the roof irregulari- 
ties. Bolts were spaced on approximate 6-foot centers in the direction of 
the tumnel and across the roof. Channels were placed nearly parallel to the 
tunnel direction. 


Subsequently, the single-bolt channel installations were discontinued in 
favor of an adaptation of the roof-bolting specifications used in the United 
States Department of the Interior, Bureau of Re tion, West Canal, French- 
man Hill tunnel. WNine-foot steel tunnel ties,2/ 5-1/2 inches wide with a de- 
formed center section 1 inch deep and with two 4-1/2- by 2-inch slotted 
openings burned approximately 10 inches from each end, were substituted for 
channels. Unfinished, 3- by 4-inch steel washers 1/2 inch thick with a 1-3 /4- 
inch-diameter hole in the center served as bearing plates. 


The resulting installation pattern differed from that used in other min- 
ing operations. When tunnel ties were finally placed, they were roughly par- 
allel to the tunnel center line. Roof bolts supporting the ties were alternated 
on about 7- and 5-1/2-foot centers; the longer spacing was between the bolts 
in each tie. Ends of ties were approximately 3-1/2 feet apart. In each 9- 
Poot tunnel section, four ties were installed on approximate 30-inch centers 
across the tunnel roof. 


A track-mounted flatcar, approximately 7 feet long and 4 feet wide with 
a deck approximately 2 feet above the rail, was used to mount one pneumatic, 
percussion drifter upon a 6-foot colum with a crossbar and saddle. The drill 
carriage was 6 feet long and provided with an automatic feed. At any set-up, 
the truck was clamped to the rails, and four holes were drilled radially across 
the back, 30 inches apart. Holes were collared and drilled wet. 


Only one drill change was necessary to attain the desired hole depth of 5 
feet 9 inches. The starter bit was 1-3/4 inches in diameter and the finishing 
bit 1-5/8 inches in diameter. The diameters of holes drilled for roof bolts 
were controlled by available bit diameters. Roof bolts 1-1/2 and 1-1/4 inches 
in diameter were used for these installations. 


Upon completion of four radiating holes, roof bolts were driven to a se- 
cure position with the drifter machine, using 4 drill rod and a threadless-type 
dolly. Impact was upon the chamfered ends of the bolts. Tunnel ties were 
Placed over each roof bolt successively and held with the drifter machine and 
a drill rod with a saddle-shaped fork to conform with the shape of the tie un- 
til the washer was placed and the nut partly threaded. Nuts were finally 
tightened with an impact wrench. From a new positim of the flatcar, holes 
were drilled through the slotted openings in the opposite ends of the ties. 
Washers were applied and nuts tightened as before. 


It is reported that torque wrenches were used regularly to check the 
tightness of the bolts, and readings usually indicated at least 450 foot- 
pounds torque. When an area 50 to 100 feet had been bolted in this manner, 
that section of the roof was gunited in accordance with installation 
specifications. 


5/ Steel shape as manufactured by Bethlehem Steel Corp. designed originally 


for use as ties for the support of mine track. 
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This procedure precluded roof bolting in the headings. Consequently, de- 
sired protection was not afforded, because experience in the support of mine 
roofs has shown that roof-bolting results are best when installations are made 
before appreciable strata flections develop, which result in strata and laminae 
separations. In this manner, the original strength is maintained, and weak 
roof strata can be consolidated to form relatively strong beams. Roof bolts 
properly installed in headings as soon as possible after blasting can prevent 
roof falls and continuous scaling, and the possible necessity of installing 
other types of roof support is lessened. Where installed in the East Delaware 
tunnel, steel sets were placed on centers as necessitated by conditions. 


Installation Methods and Techniques 


Bureau of Mines recommendations made after the February inspection of in- 
stallations resulted in a revision of roof-bolting specifications. The revised 
specifications were approved for use in the East Delaware tunnel by the State 
of New York Department of Labor in its resolutions of April 13, 1951, and by 
the City of New York Board of Water Supply in its letter of May 8, 1951. 


The new specifications provided for slit-rod-and-wedge-type bolts, 6 feet 
long, 1-inch-diameter nominal (29/32 inch), with 5 inches of rolled thread on 
one end and a 6- by 1l- by 1/16-inch cut slot in the opposite end. Six-inch 
channels, 8.2 pounds per foot and 5 feet long, and 9-foot No. 5 tunnel ties 
were specified for use in conjunction with the roof bolts. Details showing 
installation patterns, specifications of accessories, diameter and length of 
holes drilled for roof bolts, and the weights of each unit are shown in 


Pigure 3. 


With the advent of the revised specifications, the contractor mde plans 
to install roof bolts during the face drilling phase of each operation cycle. 


Each heading was drilled using a track-mounted drill jumbo (fig. 4) de- 
signed by the contractor, with six hydraulic jibs, three on the upper deck and 
three below. Upon each jib and its attached boom was mounted a pneumatic, 
percussion drifter, with automatic feed, hole spotter, and double-action piston 
motor; it was lubricated from a line oiler. The over-all length of the jumbo, 
exclusive of the drill booms, was approximately 31 feet, the width of the main 
deck was about 4 feet 9 inches, and, when wing platforms were elevated, the 
width was approximately 11 feet 6 inches. The height to the upper deck above 
the rail was about 6-1/2 feet. 


On the jumbos used in the drifts from shaft 2, contract 407, cross-arm 
assemblies, consisting of horizamtal colums or bars 4 inches in diameter and 
about 10 feet long, were welded to tubular uprights. They paralleled the 
longitudinal axis of the jumbo and were about 18 inches above each side of 
the upper deck. The forward ends of the cross arms were approximately 4-1/2 
and 15-1/2 feet, respectively, to the rear of the hydraulic jibs and the for- 
ward end of the jumbo. (Fig. 5.) 


Two drifters, mounted on saddles clamped to the cross arms, were used for 
roof bolting; the drifters on the same cross bar were operated as a unit. 
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Figure 4. - Front end of jumbo, showing drill assembly. 
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Figure 5. - Drill-carriage jumbo and drilling detail. 


A flatcar was attached to the rear of the jumbo and was used to carry 
drill rods, roof bolts, washers, channels, and ties. An upper deck, 6-1/2 
feet above the rail, provided a 7-foot 6-inch by 4-foot 9-inch platform, from 
which roof bolts could be tested and retightened. 


On contract 407, at the beginning of a drilling cycle and as quickly as 
the drill jumbo was moved to the face, the roof-bolt crew retightened bolts 
set during the last drilling cycle, working from the upper decks of the jumbo 
and flatcar. When roof bolting was begun, the two drifters were mounted on 
one cross arm. Roof-bolt holes were spotted to coincide with openings nearest 
the ends of a mine tie or those in a 6-inch channel; holes to be drilled on 
the haunch farthest from the cross arm were spotted first. Two holes were 
drilled sim ltaneously, approximately 40° from horizontal and about 5-1/2 feet 
frcm the tumel center line, and terminated when they attained a depth of ap- 
proximately 5 feet 10 inches, All collaring and drilling were done wet. The 
back of each hole was sounded manually by tapping it with a roof bolt because 
it had to be in a formation solid enough to anchor the wedge satisfactorily. 


Subsequently the two roof bolts, with wedges placed in the slots, were 
inserted into the holes, nuts were threaded approximately 1/2 inch from the 
bolt ends, and the bolts were driven to security with the drifters and thread- 
less-type dollies welded to short drill rods. The nuts were then removed, the 
channel or mine tie was placed in position with the roof bolts through the ap- 
propriate openings, washers were placed, and nuts were tightened using an air- 
powered impact wrench with an extension to fit a drill chuck, which was posi- 
tioned with the drill carriage. If mine ties were used, the nuts on the first 
two bolts were not finally tightened until the center holes had been drilled. 
The other two openings in the tie were used 4s a template, and the drifters 
were shifted on the cross arms accordingly. Bolts with washers and the nuts 
partly threaded were inserted into sounded holes and driven to security, and 
all nuts were finally tightened. 


Both drifters were elevated to permit drilling the next set of holes, ap- 
proximately 2-1/2 feet above and about in line with those drilled over the 
haunch. The same cycle of operations then was repeated. It was feasible to 
drill three sets of roof-bolt holes, set the roof bolts, and place and secure 
the channels while both drifters were on one cross arm, Two cther sets of 
roof-bolt holes subsequently were drilled from the opposite cross arm, but 
the roof bolts could not be installed in the immediate face area; however, 
they were installed by rotating the three top drifters on the jumbo to nearly 
vertical positions. 


In the headings on all other projects, roof-bolt holes were drilled, and 
bolts were set from the upper decks of the jumbos with pneumatic percussion 
stopers, having combined air and water throttles, automatic rotation, and 
direct feed for 18-inch steel change. These stopers had 2-3/4-inch hammer 
diameter, 25-5/8-inch maximum feed, and weighed 100 pounds. 


When stopers were used, roof bolts and supported channels or mine ties 
were placed within approximately 1 foot of a heading face; therefore, drillers 
working from the jumbo were well-protected. The first roof-bolt holes were 
spotted as close to the heading face as possible; collaring and drilling were 
done wet. In cross section, holes were drilled in practical conformance with 
the specified spacing. After each hole had been drilled to a depth of 
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approximately 5 feet 10 inches and the back of the hole had been tested by 
manually tapping it with a roof bolt, a roof bolt with its wedge was inserted 
into the hole and driven to security with a threadless-type dolly on 4 section 
of drill rod in the stoper chuck. Subsequently either a channel or 4 tunnel 
tie was placed over the bolt with a bearing washer and nut to hold it tempo- 
rarily until the roof-bolt hole at its opposite end was drilled through the 
opening. The intermediate openings in the tunnel-tie section served as tem- 
plates through which the other holes were drilled. Bolts then were driven to 
security, washers were placed, and nuts were tightened with hand-held meu- 
matic-impact wrenches. A second stoper usually was employed to drill the sec- 
ond and succeeding roof-bolt holes for each supporting unit. In this manner, 
one stoper, at the forward end of the jumbo, drilled all holes necessary and 
drove the roof bolts to permit placing either a channel or a mine tie without 
undue interference with the drillers working on the jumbo. (Figs. 6, 7, 8, 9, 
10, and 11.) 


Frequent spot checks have been made of bolt tensions with torque meters; 
bolt tensions usually have been found to be between 175 and 250 foot-pounds 
torque. 


Gunite, approximately 3/4 inch thick, was applied to all bolted roof sec- 
tions and to the haunches as frequently as heading advance necessitated and at 
such times as guniting would not interfere with normal operation cycles. Gun- 
ite appears to check slaking, which results when shales and sandstones are ex- 
posed to air and moisture; it thus prevents sloughing and minor roof falls that 
would otherwise occur between roof bolts. (Figs. 12, 13 and 14.) 


COMPARATIVE DATA 


Figure 15 is a tabulation based upon total progress to May 20, 1952, ap- 
proximately 1 year after the final plans and specifications were approved and 
adopted. It shows the advance, linear feet of roof supported by roof bolts, 
number of roof bolts installed, linear feet of roof supported by steel sets 
(figs. 16 and 17), linear feet of unsupported roof, totals, and appropriate 
per centages. 


Approximate data pertaining to weights of materials and the man-hours re- 
quired to install the respective types of roof support in typical 100-foot tun- 
nel sections are shown in figure 18. 


SAFETY 


All contracts operate three shifts per day, 5 days per week. Approxi- 
mately 464,000 man-hours were worked during the year following May 8, 1951, 
when the final plans and specifications for roof support were adopted. Where 
suspension roof support was used, not one fatality occurred attributable to 
roof falls - the mining industry's No. 1 killer; significantly, there was not 
a lost-time accident from this cause. 


OTHER ADVANTAGES DERIVED FROM ROOF BOLTING 


The various phases of concreting will be undertaken when the headings 
have been connected. Before the arch is poured in sections of the tunnel 
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Figure 7. - Collaring a roof-bolt hole with stoper drill, showing water applied 
during operation. 
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Figure 8. - Tightening nut on roof bolt with air-powered impact wrench. 
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Figure 9. - Typical suspension roof support. 


ion, showing use of angle and flat washers. 
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Figure 10. - Typical roof 


Google 


"UOIJIOJIP JaUUNY Of |8]]D4Dd Aj4sDaU 
S914 BulwW Jo JUaWaDD)d puD yD04 Jo auNyou paisi4yo4ys Burmoys ‘u0149aS yoos payjog joI!IdA] - “|| aunbig 


“Buryiun6 42440 uo14daS Joos payjog ;DI1dAj - “Z| ainbiy 


3 


7 


*S4]0q Joos wosy papuedsns edid uoljo]!jUaA pud 
‘puokag uo1j9as payiunbun ‘punosBasoy saddn uo1jo>1;ddo ayiun6 Bui moys uol4des yoos payjog jos1dAy - “E1 eanbig 


| 


Google 


*u014DaS pa}jog of paijddo ayiunB yyim ‘yaoddns 4j0q-joo1 pud 48s [294s Bui moys uo! jas fool oordAy - "pl aunbiy 


a 


ute 


oN DUELS 


tha 


i 


fe 


oogle 


U 


‘TS6L ‘OZ Aow 04 ssosBoud 


qeoes TeOUuTT qoeo0s TeeOuUyT 
€ yoo ‘sqes Teeqys fq 
poyuoddnsug | peyuzoddns jooy 


DJDP aA1jOsDdWO') - *¢, eunbiy 


POTTS} SUT qees IvCUTT qoes ITeeuyT 
83T0q jgoor | ‘syToq jJoor fq ‘ eoueapes 
go zoqumy | pequoddns jooy TSIOL 


@eecseeeeveoveeveeode quecT1Eeg 


eeeerseeceeceeeceve TROL 


@eeenveve Teuuny 39T2P 210 
eoco5e sSuyp sey uyog 


*% 3FeUs 


e@vocce sSuTp vey mog 


7T ¥geus 


e@oeoveeeve [Teuuny qVOTUL 


Google 


Figure 16. - Typical steel-set installation at outlet tunnel portal. 


Google 


- 7) 94nbi 
*JOUUNY UL 4904} OPIS 4D UOIJD]|D4JSU! 4AS-|994S pooidAy - “Z| 14 


oogle 


U 


*“SUOI{DOS JOUUNY 400$-90| |DD1dA4 UI J4oddns joos Jo sadAy aA1jDedsas 
}]24sSu! Of pasinbes sinoy-unw ey} puo syybiam JO14840W a}owIxosddy - g; sunbiy 


BuysFuy WyTA 
8 es 


Jooys edf4-qTy 


seToLo 
BSUTTI Tap Bupanp pezord 
-M0D UOTPUTTWsSUy Jo JuUeoreEg 


“°° UOTZUTTESUT AOJ s.moy-um 


(spunod) 9Q3Tea TeT106, my 


S[BT1e} om 
£1088e00%8 pug 
83 T9qQ jooy 


(0 gle 


supported by rib steel sets, steel lagging between the sets and all loose 

roof miterial above it must be removed; this is a potentially hazardous under- 
taking. In sections where roof bolts have been installed, there will be very 
little if any loose roof rock, and workers will have excellent overhead pro- 
tection. Where roof bolts have been used, an estimated saving of approximately 
1f2 cubic yard of concrete in place will be possible for every foot of arch 
section poured. 


Time studies were not made; however, whether surface or underground opera- 
tions are considered, less equipment of all types and fewer man-hours are used 


to load, transport, and unload roof bolts and accessory materials than steel 
sets and accessory mterials. 


Suspension-roof-support mterials have required much smaller storage areas 
than have been necessary for steel sets and lagging in the railroad yard, in 
the storage yards provided at each contract, and at all underground-storage 
locations. 

CONCLUSIONS 

Roof bolting in the East Delaware tunnel has protected the workers from 
roof falls and facilitated all phases of operations in the headings, thus in- 
creasing over-all efficiency. It has been the means of conserving many tons of 
steel, with resulting economies in both roof-support materials and the man- 
hours necessary to place them effectively. 


Roof bolting on these contracts has provided safer working conditions and 
will have contributed greatly toward an early completion of the undertaking. 


The success of suspension roof support in the East Delaware tunnel can be 
attributed to the following: 


1. The participants in the venture logically solved the many local prob- 
lems with which they were comfronted with the advent of roof bolting. 


si 2. Time, effort, and expense were not spared during the experimental 
ages. 


3- Considered judgment was used in formulating suitable specifications. 
4. Installations were supervised and inspected continuously. 
5. Excellent cooperation was manifested by all concerned. 


Consideration should be given these factors when roof bolting in a similar-type 
1 is planned. 
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